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The e lect r ical  and mechanical  activity of different par ts  of the myocardium shows a number of cha r -  
acter is t ic  variat ions.  This functional heterogenei ty  of the heart,  combined with differences in its a rch i -  
tectonics,  may be considered to be of great  importance for cer tain adaptive changes in cardiac  activity in 
normal  and, in par t icular ,  in pathological conditions. It has been shown, for  example, that in compensatory  
hyperfunction of the hear t  caused by experimental  aort ic  stenosis or  mit ra l  incompetence the principal 
role is played by various par ts  of the myocardium of the left ventricle [1]. 

Accordingly, in the present  investigation the contracti le function of the myocardium in various parts 
of the left ventricle was studied. 

E X P E R I M E N T A L  M E T H O D  

Experiments  were ca r r i ed  out on dogs under urethane anesthesia (1.0-1.5 g/kg} in open chest  condi- 
tions with art i f icial  respirat ion.  

The index of myocardia l  contract i le  function used in the experiments  was the int ramyocardial  p r e s -  
sure  (IMP}, recorded by the method descr ibed by Kreuze r  and Schoeppe [3]. The principle of the method 
consists  of measurement  of the p res su re  in a needle, filled with physiological saline containing heparin,  
inser ted into the hear t  muscle .  The needle is connected f i rmly to an e lec t romanometer  with very  small  
volume displacement  (about 0.01 mm3/100 mm Hg). 

The needle for measur ing  the IMP (length 25 mm, external d iameter  1.2-1.5 ram) has two holes meas -  
uring 0.75 mm 2 in its sides, one opposite the other.  The end of the needle is closed and pointed resembl ing 
a nail. It is fixed with a washer  fitted with a screw clip, and sutured to the epicardium after a wide inci-  
sion in the per icardium.  An absolutely r igid connection between the recording needle and the e lec t romano-  
meter  proved to be unsuitable for  experiments  that were at all prolonged, for it led to injury to the con- 
t ract ing hear t  by the end of the needle, and changes in the configuration and size of the hear t  influenced 
the position of the needle in the substance of the myocardium. Accordingly, in the present  investigation 
the needle was connected to the e lec t romanometer ,  not by a metal tube but by a segment of a standard 
catheter  about 25 cm long. 

The anterola teral  surface of the left ventricle was divided conventionally into three par t s :  base, 
middle third, and apex. In each experiment the IMP was recorded in one of these divisions of the left ven- 
t r i cu la r  wall. The IMP was measured  at  a depth of 6-12 m m f r o m  the outer surface of the heart .  The axis 
of the holes in the recording  needle was directed parallel  to the interventr icular  g roove .  As a rule, the 
maximal value of the IMP was recorded  for each portion of the myoeardinm. 

Concurrent ly  with the IMP, the ECG and the p ressure  in the left ventricle and aor ta  were recorded.  
The recordings  were made on a "Galileo" ink-writ ing inst rument  (tape winding speed up to 100 mm/sec)  
and simultaneously on a type N-700 loop osci l lograph (winding speed 160 mm/sec ) .  
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In 11 expe r imen t s  the IMP was r e c o r d e d  in the base  of the lef t  
ven t r i c l e ,  in 6 - i n  the middle  th i rd ,  and in 9 - i n  the apex of the lef t  

ven t r i c l e .  
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Typica l  IMP curve for  a dog. 
A (from top to bottom) ECG in 
leads  I, II, and III, IMP, p r e s -  
su re  in left  and r ight  ven t r i c l e s ;  
B) b imodal  IMP curve and curve 
of p r e s s u r e  in ao r t a .  Exp lana-  
t ion in text .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The nomenclature of the various phases of the cardiac cycle pro- 
posed by Kreuzer and Schoeppe [3] was used during analysis of the IMP 
curves. The typical IMP curve (see Figure, A) is characterized by a 
short gradual, followed by a very steep,rise (2, 3). The increase of 
IMP begins 0.01-0.05 sec after the beginning of the ECG ventrieular 
complex (see figure A, I) and depends only slightly on the duration of 
the cardiac cycle. At point 3 (see figure, A), corresponding to the end 
of the period of isovolumic contraction, the rate of increase of the IMP 
falls sharply, after which some increase of pressure is observed in 
the wall of the left ventricle, up to a maximum, followed again by a 
slow, and then a fast decrease of the IMP. The interval between points 
3 and 4 corresponds to the phase of expulsion of blood from the ventricle 
and that  between points  4 and 5 to the pe r iod  of r e l axa t ion  of  the myo-  
ca rd ium in this  pa r t  of the left  v e n t r i c u l a r  wall  (see f igure ,  A). 

Bes ides  the typ ica l  fo rm of IMP curve,  in some c a s e s  b imodal  
cu rves  a r e  obse rved .  On these  cu rves ,  at the end of the i sovolumic  
cont rac t ion  phase,  ins tead  of a fur ther ,  although s lower ,  i n c r e a s e  of 
p r e s s u r e  in the ven t r i c l e  wall ,  a t e m p o r a r y  d e c r e a s e  is obse rved ,  
followed by an i n c r e a s e  of the IMP to i ts  max imum.  This  t r a n s i e n t  d e -  
c r e a s e  of IMP is evident ly  due to an abrupt  d e c r e a s e  in m y o c a r d i a l  t en -  
s ion as  a r e s u l t  of opening of the ao r t i c  valve and the r a p i d  expuls ion  
of blood f rom the ven t r i c l e .  This  sugges t ion  is  conf i rmed  by the fact  
that  the beginning of the fal l  on the IMP curve  always coinc ides  with the 
beginning of i n c r e a s e  of ao r t i c  p r e s s u r e  (see f igure ,  B). Evident ly ,  
the fal l  of IMP obse rved  a f t e r  the beginning of expuls ion of blood f rom 
the ven t r i c l e  is based  on the same  mechan i sm as  the lower ing  of t en -  
s ion in the musc le  with a rap id  d e c r e a s e  in i ts  length. 

The onset  of the i n c r e a s e  of IMP in the b a s a l  and middle  p o r -  
t ions of the lef t  v e n t r i c u l a r  wall  usua l ly  p r e c e d e s  the onset  of the in-  
c r e a s e  of i n t r a v e n t r i c u l a r  p r e s s u r e  by 0.01-0.02 sec .  In con t r a s t  to 
this ,  the i n c r e a s e  of IMP in the apica l  por t ion  e i the r  co inc ides  with the 
beginning of i n c r e a s e  of p r e s s u r e  in the ven t r i c l e  or  p r e c e d e s  it by not 
more  than 0.01 sec .  Since the end of the pe r iod  of i sovolumic  c o n t r a c -  
t ion for  a l l  p a r t s  of the myoca rd ium is  de t e r m i ne d  by opening of the 
ao r t i c  valve,  and mechanica l  ac t iv i ty  in the middle  and basa l  por t ions  

of the left  ven t r i cu l a r  wall  begins  sooner  than in the apica l  region,  the dura t ion  of the pe r iod  of i s o m e t r i c  
m y o c a r d i a l  con t rac t ion  in the middle  th i rd  and base  of the left  ven t r i cu l a r  wall  (0.068 sec) is longer  than 
the co r r e spond ing  index for  the ap ica l  reg ion  of the h e a r t  (0.053 sec) .  Fundamenta l ly  s i m i l a r ,  although 
l e s s  marked  d i f fe rences  between the dura t ion  of the i sovolumic  pe r iod  of the myoca rd ium in d i f ferent  pa r t s  
of the left  ven t r i c l e  were  found by Osadjan and Randal l  [4]. 

Compar i son  of the IMP curve  in d i f ferent  pa r t s  of the m yoc a r d i um  with the curve  of i n t r a a r o t i c  p r e s -  
su re  shows that  f rom a c e r t a i n  moment ,  desp i te  the continued i n c r e a s e  of IMP, the i n t r a a o r t i c  p r e s s u r e  
begins  to fall .  As a ru le  the i n t r a a o r t i c  p r e s s u r e  r e a c he s  i ts max imum 0.03-0.09 sec before  the peak of 
the IMP. 

Af te r  c lo su re  of the ao r t i c  valve the i n t r a v e n t r i c u l a r  p r e s s u r e  fa l l s  r ap id ly  to the d ias to l i c  l eve l .  
In con t r a s t  the IMP usua l ly  fa l ls  much m o r e  s lowly and r eaches  the d ias to l i c  leve l  0.04-0.06 sec a f t e r  the 
i n t r a v e n t r i c u l a r  p r e s s u r e .  

Very c l e a r  d i f fe rences  were  found between the IMP in d i f ferent  pa r t s  of the left  v e n t r i c u l a r  wal l .  In 
the basa l  por t ion  of the ven t r i c l e  and in i ts  middle  th i rd  the IMP was c lose  to the i n t r a v e n t r i c u l a r  p r e s s u r e ,  
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but in a few experiments  it was below it. The ratio between the IMP and left in t raventr icular  p ressu re  
( re fe r red  to la ter  as the IMP/LV index) in the basal  and middle portions varied f rom 0.66 to 1.4 with a 
mean value of 0.97. In 3 of 15 experiments  the IMP/LV index was grea te r  than 1, in 3 it was equal to 1, 
and in the other 9 it was less  than 1. In contrast ,  in the apical region of the left ventricle the IMP/LV in- 
dex was g rea te r  than ] in all 9 experiments ,  ranging f rom 1.18 to 1.8. The mean value of this index for  
the apical region of the left ventr icle  was 1.38 (P < 0.05). 

In all cases  the IMP was higher in the deeper  layers  of the myocardium of the left ventrical  wall 
than in the superficial  layers .  

One possible cause of the higher IMP in the apical region of the left ventricle is the smal le r  a rea  of 
c ross  section of the wall in this part  of the heart .  Because of this, the tension of the myocardium in this 
port ion of the ventricle must  be higher than in portions with a significantly l a rger  c ross - sec t iona l  a rea  of 
their  wall, i.e., in the base and middle third of the left ventr icle.  P resumably  the different archi tectonics  
of the myocard ium in these regions, together with the unequal curvature  of their  wall, play an essent ial  
role in this phenomenon. 

A charac te r i s t i c  feature is that the diastolic IMP is much higher than the in t raventr icular  p re s su re .  
Whereas the final diastolic p re s su re  within the left ventricle in normal  conditions was 3.8 ram, the diastolic 
IMP was usually 10-15 ram, and it was always higher than the final diastolic p ressure .  Possible  explana- 
tions of this are  that during diastole, a cer tain proport ion of the muscle f ibers retain some of their  tone, 
or  that the blood flowing into the cavity of the ventricle s t re tches  its walls, in which a cer tain level of ten-  
sion develops because of the v isco-e las t ic  proper t ies  of the myocardium. Resolution of the radial ly acting 
force ( intraventr icular  pressure)  by the rule of the para l le logram of forces  gives a tangential tension of 
the left ventr icular  wall significantly g rea te r  in magnitude [2]. 

The resul ts  descr ibed above demonstra te  the functional heterogeneity of the myocardium of different 
portions of the left ventr icle.  It may be assumed that a further  study of this problem will ass i s t  toward the 
understanding of variat ions in the pat tern of hyperfunction of different portions of the myocardium in path- 
ologieal s tates.  

1o 
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3. 
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